Abstract
INTRODUCTION

49
The phytohormone abscisic acid (ABA) is a central regulator of plant responses to 
64
The C-terminal SnRK2-box is essential for kinase activation by hyperosmotic stress and The complex blocks PP2C substrate entry and prevents SnRK2 inactivation by In this study, we report the crystal structure of SAPK10 from the crop plant sugarcane 98 (Saccharum ssp. hybrids). We also investigated how SnRK2-and ABA-boxes modulate 99 the activity of SAPK8/9/10. These analyses confirmed that, overall, the SnRK2-box 100 within sugarcane SAPKs preserves its role in protein activity, albeit to a lesser extent 101 when compared to the Arabidopsis proteins. Finally, we identified several auto- 
MATERIAL AND METHODS
106
Gene identification and bioinformatics analyses
107
The sequences of ScSAPK8, ScSAPK9 and ScSAPK10 were identified using the Table S1 ).
114
For analysis of protein conservation, protein sequences from Arabidopsis thaliana, and 
ScSAPKs cloning and recombinant protein expression in Escherichia coli
122
The full-length sequences of ScSAPK8/9/10 were cloned into pNIC28-Bsa4 using the 123 ligase-independent cloning (LIC) method (Savitsky et al., 2010 Bradford (Sigma-Aldrich) and SDS-PAGE analysis (Supplementary Figure S1 ).
193
Kinase activity assay
194
The enzymatic activity of ScSAPK8 WT and SnRK2-box and ABA-box mutants was Ammonium Bicarbonate) was added to the mixture at a final concentration of 12 mM.
219
The mixture was protected from light and incubated for 30 min. positive ion mode using an Acquity H-class HPLC system coupled to an XEVO G2 Xs 
242
For phosphosite identification, samples were analyzed by reverse phase nanoLC-ESI-
243
MSMS using an Acquity M-class HPLC system coupled to an XEVO G2 Xs Q-ToF
244
(both from Waters Corp.). A total of 2 μL sample in mobile Solvent A was applied onto 
RESULTS
281
ABA-responsive SnRK2s in sugarcane 282
Three ABA-responsive SnRK2s were identified within the sugarcane genome (Table 1) .
304
ScSAPK10 
333
To measure the activity of recombinantly expressed ScSAPKs we employed a 334 commercially-available enzymatic assay (KinEASE, Cisbio) and a generic peptide 335 substrate (STK1 from the same vendor). Amongst the three sugarcane proteins,
336
ScSAPK8 was the most active enzyme in this assay (data not shown). We thus decided 337 to study the impact of disrupting the interaction between SnRK2-box and αC helix on 338 the activity of ScSAPK8.
339
We used site-directed mutagenesis to substitute conserved SnRK2-box residues 
Deletion of SAPK8 ABA-box does not directly affect its activity
368
In addition to the SnRK2-box, another conserved C-terminal region is involved 
379
All ScSAPK8 mutants displayed similar overall activity to the wild-type protein. SnRK2.6 region known to interact with PP2C-type phopshatases ( Figure 4C ).
400
We used LC-MS/MS to identify sites of autophosphorylation within ScSAPK8
401
WT and ΔABA-box mutant (Table 3 ) and then mapped these onto our ScSAPK10 is not critical for protein activity. It is difficult to conclude from in vitro experiments 442 performed using different assays, and we believe this issue requires further exploration.
443
More importantly, how, and if, the SnRK2-box interaction to αC is modulated in vivo 444 remains to be elucidated.
445
A second region important for regulating SnRK2 activity is the ABA-box. This this moment and will require further investigation.
473
The activation loop is a structurally conserved feature of protein kinases, and 
ScSAPK8-M312A 4
ScSAPK8-I315A 4
ScSAPK8-L319A 7
ScSAPK8 ABA-box group1 7
ScSAPK8 ABA-box group2 7
ScSAPK8 ABA-box group3 7
ScSAPK8 ABA-box group4 7
ScSAPK8 ∆ABA-box 1 
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